Glaucoma is a progressive disease, and the rate of visual field (VF) progression is an important parameter that determines management decisions and is frequently used as an outcome measure in clinical trials. Different scoring systems have been used in the large randomized clinical studies, and have been found to vary in terms of sensitivity and specificity. All these systems measure change in VF from baseline, and the measurements are confounded by variability due to learning effect and test fatigue. For better patient management, the rate of change needs to be considered as well as the time to progression. Rate can be evaluated using trend analysis, as mean deviation (MD), clusters or points. Trend analysis suggests that the linear model is the 'best fit', at least for normal tension glaucoma. Using this model, it has been shown that the rate of progression in untreated normal-pressure glaucoma patients varies greatly despite similar ages and MD at baseline.
Introduction
Glaucoma is a progressive disease, and an understanding of its natural history of pathophysiological change is important in making management decisions, as well as in evaluating the effects of treatment. A number of recent randomized controlled clinical trials have monitored changes in visual field (VF) defect as a means of measuring disease progression. However, these studies do not provide definitive information, because their conclusions are dependent on the endpoints chosen, with each study using its own unique criteria and scoring system endpoint model.
It is also difficult to differentiate true change from that due to variation in testing; the typical patient may not always present for the first time with VF defect measurements that reflect their pathophysiology. In addition, with repeated testing, they may perform better on one test than on the preceding one, even when the disease is progressively worsening. This is because of test learning and fatigue effects. Moreover, different methods to measure VF changes have different sensitivity and specificity. 1 
Detection of disease progression by VF measurement
The main scoring systems used in VF analysis studies may be referred to as the Advanced Glaucoma Intervention Study (AGIS), 2 Collaborative Initial Glaucoma Treatment Study (CIGTS), 3 and Glaucoma Change Probability (GCP) methods, all of which are event-based analyses, and pointwise linear regression (PLR), which is a trend-based approach. For event-based analysis, the criterion for progression (the event) is defined at the start of the study, and progression is confirmed when VF changes fall below a pre-set threshold, compared with baseline. All the eventbased methods measure VF change from baseline, with only two test points compared at any one time. Trend-based analyses consider changes over time using several VF measurements, and therefore are more sensitive at detecting progression and the rate of change.
Vesti et al 4 compared the four main scoring systems in a study of 76 patients with progressive open-angle glaucoma. VFs were measured twice a year for 7 years to see how the individual methods picked up computergenerated fluctuations; the three conditions tested were high, moderate, and no variability. Time to detection of disease progression and method specificity were the main outcome measures. Figure 1 shows that GCP was very good at demonstrating and identifying change early on, but its ability to do so was affected by the degree of fluctuation more than for any other method. PLR was very specific at identifying changes in VF, but had the longest times to confirmed progression. The other two methods had the highest specificity and classified fewer cases of progression than the other methods.
Both event and trend analyses were used in the Collaborative Normal Tension Glaucoma (CNTG) study, 3 in which treated and untreated patients with normaltension glaucoma (NTG) were compared. This study considered, through event analysis, how many months of follow-up it took before progression was detected. The criterion for progression was the presence of two or more VF points depressed by X10 db from baseline, on average, confirmed in four of five consecutive VF tests. The scatter plot for those patients who were untreated shows, over time, using mean deviation (MD) in the total measure of change, the large inter-patient differences in the time to detection of progression. The trend is indicated by the slope of the change in the MD. 5 In the Early Manifest Glaucoma Trial (EMGT), 5 event analysis alone was used. Again, treated and untreated patients with early glaucoma were compared. CGP maps were plotted; the threshold value of each test point location in every follow-up field was mapped to an average of the threshold values from the same test point in two baseline fields. Progression was said to have occurred when three VF points showed change on three successive VF tests. 5 
PLR analysis
In trend analysis, three different types of statistical method (exemplified by spatial processing, temporal modulation, and the three-omitting method) may be used to improve measurement and distinguish variability from progression. A plot of specificity against proportion of fields progressing shows that these methods, used with PLR, are able to improve specificity by demonstrating reduced sensitivity changes with time. Spatial processing shows an apparent improved ability to detect change through the removal of some of the fluctuation (or 'noise') that occurs. Temporal modulation, an alternative method, uses the moving average technique on two sequential point sensitivities. The three-omitting method aims for sustainability in repeat testing. 6 With this approach, a point is flagged as progressing if it shows a significant negative slope of at least À1 dB/year at the 1% significance level (point n ¼ 1), and the slopes obtained by using points 1 to (nÀ1) and either point (n þ 1) or point (n þ 2) both also satisfy this same criterion. The logic of this approach is that the nÀ1 point may be lower than point n by chance, and so if it is missed out, there will be a more conservative estimate of progression. This approach, therefore results in fewer false-positive results, but is still sensitive to progression (Figure 2) .
A study conducted at Moorfields Eye Hospital looked specifically at the time (in months) for untreated NTG patients to show VF change. 7 The records from the database were analysed using PLR with the threeomitting method (criteria as above) to identify VF change. The first two VFs were omitted to allow for test learning effects, so that the third was deemed the baseline, and the three-omitting method was applied to correct for test fatigue. The longer-term follow-up data are now available and show that, using a low significance level of 5% for 476 right eyes and 479 left eyes, over 40% of the eyes could be said to have progressed at some stage. Increasing the significance level to 1% led to a fall in numbers who were defined as progressing to about one-quarter (26-27%) over the follow-up period of at least 5 years. Progression was detected at between three and 38 visits (average of 17 visits). The minimum time from baseline to progression was 4 months, and the average time was 6 years. The rate of loss (dB/year) varied greatly, with an average of under 3 dB.
Phenotypic characteristics
Data from the Moorfields study thus show that the rate of progression varies greatly among glaucoma patients without treatment. For this reason, the phenotypic characteristics of the eyes were examined to see if there was a pattern by evaluating the severity of the disease and age at diagnosis. For each phenotypic variable, the group was divided into two, based on the uppermost (slowest) and lowest (fastest) quartiles for progression. Patient ages ranged from 40 to 80 years, and showed no correlation with disease severity (expressed as MD). Similarly, age did not correlate with rate of progression. In these NTG patients, it was not possible to determine any significant phenotypic differences between the slow-and fast-progressing eyes.
Conclusion
In conclusion, event and trend analysis are both suitable for natural history studies of the progression of glaucoma, while the AGIS and CIGTS scoring systems are poor at picking up cases of progression. Trend analysis suggests that the linear model is the best 'fit', at least for NTG (Figure 3) . 8 Using the linear model, it has been shown that the rate of progression in untreated NTG patients varies greatly despite similar ages and MD at baseline.
